Kytococcus schroeteri, a saprophyte of the human skin, may cause serious infections in the immunocompromised host. Here, we describe a case of pneumonia and bacteremia due to Kytococcus schroeteri in an immunocompromised patient, successfully treated with linezolid and trimethoprim-sulfamethoxazole.
A 43-year-old woman diagnosed with acute myeloid leukemia (AML) received induction therapy with daunorubicin and cytarabin with poor response and was given a new induction therapy with fludara, cytarabin, and idarubicin. She was also treated with flucloxacillin and ciprofloxacin due to a breast abscess. Ten days later, the patient was readmitted to hospital because of neutropenic fever. Chest X-ray showed a small infiltrate in the right lung, and antibiotic therapy with piperacillin-tazobactam was initiated. A chest computed tomography (CT) scan performed 4 days later showed three small, dense infiltrates in the middle and lower lobe in the right lung. Bronchoscopy with bronchoalveolar lavage (BAL) was performed, and the patient was treated with voriconazole, which later was switched to liposomal amphotericin B when fungal cultures of BAL fluid and galactomannan antigen were negative. Blood cultures, taken the day after bronchoscopy was performed, showed growth of a Kytococcus species in one aerobic blood culture vial out of a total of four blood culture vials, two aerobic and two anaerobic. Susceptibility testing by Etest showed that the strain had low MIC values for vancomycin, meropenem, linezolid, and trimethoprim-sulfamethoxazole. Despite concerns regarding the clinical significance of the isolate, as it was only recovered in one blood culture vial, the patient was treated with vancomycin, and piperacillintazobactam was switched to meropenem. The BAL fluid culture yielded a pure growth of 10 5 CFU/ml of the same Kytococcus species. The isolate was later identified, using sequencing, as Kytococcus schroeteri. The patient continued to deteriorate, and a new chest CT scan showed large, dense infiltrates in both lungs with necrosis in the middle lobe. Due to therapeutic failure and to reach better antibiotic concentrations in the lungs, vancomycin was switched to linezolid, and later, trimethoprim-sulfamethoxazole was added when the patient continued to deteriorate. Finally, 19 days after the BAL was performed, the leucopenia resolved and the patient improved. She was discharged with long-term treatment with trimethoprimsulfamethoxazole, and 4 months later, allogeneic stem cell transplantation was successfully performed.
Blood samples were cultured using the BacT/Alert 3D (bioMérieux, Inc., Durham, NC) automated blood culture system. After 48 h of incubation, one aerobic blood culture vial signaled positive. Gram staining revealed Gram-positive cocci occurring in pairs and in tetrads. Broth from the aerobic bottle was subcultured onto blood and CLED (cystine-lactose-electrolyte-deficient) agar plates incubated in air, chocolate agar plates incubated in 5% CO 2 , and blood agar plates incubated in an anaerobic jar. Incubation at 37°C yielded growth of tiny colonies on the plates incubated in air and in CO 2 after 24 h. After 48 h, the colonies on blood and chocolate agar were convex, smooth, nonhemolytic, and muddy yellow in color. The colonies on CLED agar plates were tiny and yellow. Culture of the BAL fluid, taken 1 day before the blood cultures, yielded pure growth of Gram-positive cocci occurring in pairs and in tetrads. The colonies were similar to the ones from the positive blood culture. The bacteria were then tested for identification and antibiotic susceptibility.
The isolates were identified, using the Vitek 2 system (bioMéri-eux), as Dermacoccus nishinomiyaensis/Kytococcus sedentarius with 95% probability. 16S rRNA PCR and sequencing were performed with the isolate as described previously (7) . In the present study, sequencing of both strands was carried out using an ABI Prism BigDye terminator v3.1 cycle sequencing kit (Applied Biosystems, Foster City, CA) and 1 M primers (5=-AGAGTTTGAT CMTGGCTCAG-3= and 5=-CCGTCAATTCATTTGAGTTT-3=, respectively) on a GeneAmp 9700 thermocycler (Applied Biosystems). A BLAST search (1) showed 100% nucleotide identity to previously registered sequences of the 16S rRNA gene of K. schroeteri (834/834 bases).
Biochemical tests showed that the isolate was catalase positive (with 3% hydrogen peroxide). When tested, activity for alpha-Dglucosidase was negative, activity for arginine dehydrolase was positive, and hydrolysis of Tween 80 was positive, further supporting the determination that the isolate was K. schroeteri.
The anaerobic blood culture vials and the second aerobic vial remained negative until the end of the culture period. The reason behind the negative blood culture vials is unclear. It might be due to a small amount of bacteria in the circulation at the time of sampling.
There are no clinical breakpoints established by CLSI or EUCAST for Kytococcus spp. Although the authors of several previous case reports on Kytococcus schroeteri have used the clinical breakpoints for staphylococci for susceptibility interpretation (4-6, 8), these breakpoints are not valid for Kytococcus spp. Anti-biotic susceptibility testing of the present isolate was carried out by Etest (bioMérieux, Inc., Durham, NC) on Mueller-Hinton agar, and the results for 19 antibiotics are shown in Table 1 . Low MICs were observed for linezolid, trimethoprim-sulfamethoxazole, vancomycin, meropenem, gentamicin, and rifampin.
K. schroeteri is a recently defined member of the genus Kytococcus (1) that is a normal saprophyte of the human skin. However, K. schroeteri has been reported as a cause of infective endocarditis, mainly in patients with prosthetic valves (2, 10), and of spondylodiscitis (4) . In immunocompromised patients, three cases of Kytococcus schroeteri pneumonia with growth in BAL fluid have been reported. One patient had been receiving maintenance therapy with 20 mg/day prednisone due to asthma bronchiale (9), and two patients had AML (3). The outcome in all three cases was fatal. In the first reported case (9), the patient was given ceftriaxone and ofloxacin as antibiotic therapy, and the etiological diagnosis was found postmortem. The two patients with AML (3) were both initially given empirical antibiotic therapy with ceftazidime and vancomycin for neutropenic fever. After blood cultures showed growth of Gram-positive cocci, rifampin was added. In both cases, the patient died despite intensive care.
In the present case, the patient was initially treated with vancomycin, but when the lung function deteriorated, vancomycin was switched to linezolid 6 days after the blood culture became positive. As the neutropenia resolved 7 days later, the patient deteriorated, and trimethoprim-sulfamethoxazole was added. In retrospect, the last deterioration may have been due to the immunoreconstitution, and it is questionable if trimethoprimsulfamethoxazole really was needed. There was some concern about combining two drugs with known myelotoxicity, linezolid and trimethoprim-sulfamethoxazole, but the patient's bone marrow function recovered as expected.
There are published antibiotic susceptibility patterns in four cases of K. schroeteri infections: two with endocarditis, one with spondylodiscitis, and one with a shunt infection (4) (5) (6) 8) . The present isolate had antibiotic susceptibility patterns similar to those in previously published data (Table 1 ). All K. schroeteri isolates for which data were published had low MICs against linezolid, vancomycin, rifampin, imipenem, meropenem, and trimethoprim-sulfamethoxazole. In contrast, high MIC levels were observed for oxacillin, piperacillintazobactam, cefotaxime, and ceftriaxone (3).
In conclusion, we report a case of pneumonia and bacteremia due to Kytococcus schroeteri in a patient with AML that was successfully treated with linezolid and trimethoprim-sulfamethoxazole. The hitherto-published reports in the same patient group were all related to fatal outcomes. The reasons for the high mortality due to invasive K. schroeteri infections are still unknown. Further studies investigating the immune response in affected patients and the virulence factors associated with K. schroeteri are warranted. 
